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ABSTRACT 

Volume  ratio  tables  have  been  developed  to  convert  singleleaf  pinyon  and  Utah  juniper 
volumes  from  a  1.5-inch  minimum  branch  diameter  to  other  utilization  standards.  Examples 
are  presented  on  use  of  volume  ratios  for  determining  outside-bark  and  inside-bark  cubic-foot 
volume  for  1-  to  6-inch  minimum  branch  diameter  standards. 
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Ratio  equations  were  developed  to  estimate  pinyon  and  juniper  volume  for  several  utiliza- 
tion standards.  Results  were  presented  in  equation  form  in  the  Western  Journal  of  Applied 
Forestry  (Chojnacky  1987).  Because  many  forestry  practitioners  prefer  volume  results  in 
table  form,  the  volume  ratio  equations  are  tabulated  in  this  paper. 

Tables  1  and  2  give  volume  ratios  for  determining  outside-bark  and  inside-bark  cubic-foot 
volume  for  minimum  branch  diameter  (mbd)  standards  from  1  to  6  inches.  The  volume 
ratios  are  designed  to  reduce  volume  predictions  from  equations  that  yield  outside-bark  (ob) 
volume  of  all  stem  and  branch  wood  larger  than  1.5  inches  (fig.  1). 


Figure  1 — Comparison  between 
1.5-inch  and  3-inch  minimum 
branch  diameter  (mbd). 


'Research  forester  and  forestry  technician  at  Intermountain  Research  Station's  Forestry  Sciences 
Laboratory,  Ogden,  UT. 


PINYON  TABLE 

Table  1— Pinyon  volume  ratios  for  determining  outside-bark  and  inside-bark  cubic-foot  volume  to  different  utilization  standards 


Minimum  branch  diameter  (inches) 

Basal 

DSH  stems  23456  12345 


Inches 

Outside  bark  - 

•  Inside  bark  

4 

Single 
Multiple 

0.87 

.77 

0.73 
.53 

0.74 
.64 

0.60 
.45 

0.49 
.30 

6 

Single 

.88 

.75 

0.65 

0.56 

.76 

.64 

.54 

0.46 

0.38 

Multiple 
Single 

.80 

.61 

.46 

.33 

.70 

.54 

.40 

.29 

.19 

8 

.89 

.77 

.67 

.59 

0.51 

.78 

.67 

.58 

.50 

.43 

Multiple 

.83 

.66 

.52 

.41 

.31 

.73 

.59 

.47 

.0  / 

.27 

10 

Single 

.89 

.78 

.69 

.61 

.53 

.79 

.69 

.60 

.53 

.46 

Multiple 

.84 

.69 

.57 

.47 

.38 

.75 

.62 

.51 

.42 

.34 

12 

Single 

.90 

.79 

.70 

.62 

.55 

.80 

.70 

CO 

.55 

.48 

Multiple 

.86 

.71 

.60 

.51 

.43 

.77 

.65 

.55 

.38 

14 

Single 

.90 

.79 

.71 

.63 

.56 

.81 

.71 

.63 

.57 

.50 

iviumpie 

.Of 

.  I  O 

.DO 

.o*f 

.46 

7fi 

.D  / 

.58 

.49 

A  9 

16 

Single 

.90 

.80 

.71 

.64 

.58 

.82 

.72 

.65 

.58 

.52 

Multiple 

.87 

.75 

.65 

.57 

.49 

.79 

.69 

.60 

.52 

.45 

18 

Single 

.91 

.80 

.72 

.65 

.59 

.82 

.73 

.66 

.59 

.54 

Multiple 

.88 

.76 

.67 

.59 

.52 

.80 

.70 

.OH 

.47 

20 

Single 

.91 

.81 

.73 

.66 

.60 

.83 

.74 

.67 

.60 

.55 

Multiple 

.88 

.77 

.68 

.61 

.54 

.81 

.71 

.63 

.56 

.50 

22 

Single 

.91 

.81 

.73 

.67 

.60 

.83 

.74 

.67 

.61 

.56 

Multiple 

.89 

.78 

.70 

.62 

.56 

.82 

.72 

.65 

.58 

.51 

24 

Single 

.91 

.81 

.74 

.67 

.61 

.83 

.75 

.68 

.62 

.57 

Multiple 

.89 

.79 

.71 

.64 

.58 

.83 

.73 

.66 

.59 

.53 

VRob  = 

<1  -  [0.27612(mbd-  1.5)067360/DSH 
(1  -  [0.66949  (mbd-1. 5)° 62895/ DSH 

52lm]   for  single-stem  trees 
344205]   for  multiple-stem  trees 

VRlB  = 

(1  -  [0.37567  (mbd)° 59365 
(1  -  [0.61912(mbd)06,4i: 

/DSH0  25692] 

/DSH0  39859] 

for  single-stem  trees 
for  multiple-stem  trees 

where 

VRob  =  outside  bark  volume  ratio 

VRib  =  inside  bark  volume  ratio 

mbd  =  minimum  branch  diameter  (inches) 

DSH  =  basal  diameter  at  6-inch  stump  height  (inches). 
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JUNIPER  TABLE 

Table  2 — Juniper  volume  ratios  for  determining  outside-bark  and  inside-bark  cubic-foot  volume  to  different  utilization  standards 


Minimum  branch  diameter  (inches) 

Basal 

DSH  stems  23456  12345 


Inches 

Outside  bark 

-  Inside  bark  

4 

Single 

0.83 

0.66 

0.68 

0.53 

0.42 

Multiple 

.71 

.44 

.59 

.40 

.25 

6 

Single 

.86 

.71 

0.59 

0.49 

.72 

.58 

.48 

0.39 

0.31 

Multiple 

.76 

.54 

.37 

.24 

.64 

.47 

.34 

.22 

.12 

8 

Single 

.87 

.74 

.64 

.55 

0.46 

.74 

.61 

.52 

.43 

.3 

Multiple 

.79 

.59 

.45 

.33 

.22 

.67 

.51 

.39 

.29 

.19 

10 

Single 

.88 

.76 

.67 

.58 

.51 

.75 

.64 

.55 

.47 

.40 

Multiple 

.81 

.63 

.50 

.40 

.30 

.69 

.55 

.43 

.33 

.25 

12 

Single 

.89 

.78 

.69 

.61 

.54 

.76 

.65 

.57 

.49 

.43 

Multiple 

.82 

.66 

.54 

.44 

.35 

.71 

.57 

.46 

.37 

.29 

14 

Single 

.90 

.79 

.71 

.63 

.57 

.77 

.67 

,w 

.  -j  i 

.45 

Multiple 

.84 

.69 

.58 

.48 

.40 

.72 

.59 

.49 

.40 

.32 

16 

Single 

.90 

.80 

.72 

.65 

.59 

.78 

.68 

.60 

.53 

.47 

Multiple 

.85 

.71 

.60 

.51 

.43 

.73 

.61 

.51 

.42 

.35 

18 

Single 

.91 

.81 

.73 

.67 

.61 

.79 

.69 

.61 

.55 

.49 

Multiple 

.85 

.72 

.62 

.54 

.46 

.74 

.62 

.53 

.44 

.37 

20 

Single 

.91 

.82 

.74 

.68 

.62 

.80 

.70 

.62 

.56 

.50 

Multiple 

.86 

.73 

.64 

.56 

.49 

.75 

.63 

.54 

.46 

.39 

22 

Single 

.91 

.82 

.75 

.69 

.64 

.80 

.71 

.63 

.57 

.51 

Multiple 

.87 

.75 

.65 

.58 

.51 

.76 

.64 

.55 

.48 

.41 

24 

Single 

.92 

.83 

.76 

.70 

.65 

.81 

.71 

.64 

.58 

.52 

Multiple 

.87 

.76 

.67 

.60 

.53 

.76 

.65 

.57 

.49 

.42 

1  -  [0.44761  (mbd- 1. 5)° 65698/ DSH0  38835]    for  single-stem  trees 


(1  -  [0.82565 (mbd  -  1  .5)°59404/DSH0  45831]   for  multiple-stem  trees 

y-p  (l  -  [0.461 78 (mbd)0  55473/ DSH027152]   for  single-stem  trees 

|l  -  [0.62671  (mbd)0  55423/ DSH030675]   for  multiple-stem  trees 

where 

VRob  =  outside  bark  volume  ratio 

VRlb  =  inside  bark  volume  ratio 

mbd  =  minimum  branch  diameter  (inches) 

DSH  =  basal  diameter  at  6-inch  stump  height  (inches). 
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Multiplying  predicted  volume  times  a  volume  ratio  for  a  specified  mbd  yields  volume  to 
the  specified  mbd.  This  technique  can  be  applied  to  the  pinyon  and  juniper  volume  equa- 
tions given  by  Chojnacky  (1985)  for  the  central  Rocky  Mountain  States. 

METHODS 

Singleleaf  pinyon  (Pimcs  monophylla  Torr.  &  Frem.)  and  Utah  juniper  (Juniperus  osteo- 
sperma  [Torr.]  Little)  trees  were  felled  at  61  locations  throughout  the  Great  Basin  on  lands 
administered  by  the  U.S.  Department  of  the  Interior,  Bureau  of  Land  Management  (fig.  2). 


Sample  trees  (having  at  least  one  basal  stem  >  3  inches)  were  measured  for  basal  diameter 
at  ground  line  near  the  root  collar  (DRC)  and  above  ground  line  at  6-inch  stump  height 
(DSH).  For  multiple-stem  trees  that  forked  at  or  below  either  measurement  point,  an 
equivalent  diameter  (ED)  was  computed: 


where 

D{  =  diameter  of  each  stem  larger  than  1.5  inches 
n   =  number  of  stems  larger  than  1.5  inches. 


4 


Wood  volume  was  determined  by  using  Newton's  log  formula  (Husch  and  others  1982,  p. 
101)  to  compute  cubic-foot  volume  for  each  tree  cut  into  segments.  Volumes  for  mbd  rang- 
ing from  1  to  6  inches  were  computed  for  each  tree.  Nonlinear  regression  was  used  to 
model  the  data  into  volume  ratio  equations. 

DIAMETER  CONVERSIONS 

Because  previous  pinyon  and  juniper  inventories  measured  basal  diameter  at  DRC, 
diameter  conversion  equations  were  developed  to  convert  DRC  to  DSH  for  both  pinyon  and 
juniper  (Chojnacky  1987): 

Pinyon 

DSH  =  -0.03  +  (0.9826 -DRC)  -  (0.20 -STEM)  (1) 
Juniper 

DSH  =  -0.77  +  (0.9603 -DRC)  +  (0.22 -STEM)  (2) 
where 

DRC    =  diameter  at  ground  line  (inches) 

DSH    =  diameter  at  6-inch  stump  height  (inches) 

STEM  =  1  if  single-stem  tree,  0  otherwise. 

These  equations  can  therefore  be  used  to  apply  volume  ratio  results  to  trees  measured  at 
DRC,  as  well  as  to  trees  measured  at  DSH. 

APPLICATION  OF  VOLUME  EQUATIONS 

Examples  of  volume  ratio  application  are  illustrated  for  a  single-stem  14-foot  pinyon  with 
a  15.5-inch  DRC,  and  a  multiple-stem  12-foot  juniper  with  a  13.3-inch  DRC.  Volume  equa- 
tions for  the  examples  are  taken  from  Chojnacky  (1985).  The  diameter  conversion  equation 
for  each  species  is  illustrated  in  step  1. 

A:  Single-stem  pinyon  (14  feet  tall  with  a  15.5-inch  DRC): 

Step  1.  Diameter  conversion  (only  needed  if  appropriate  diameter  missing) 
If  DRC  =  15.5 

Then  DSH  =  15.0  (from  eq.  1) 

Step  2.  Volume  ratio  outside  bark  for  3-inch  mbd  (ob) 
If  DSH  =  15.0  and  mbd  =  3 
Then  VRob  =  0.80  (from  table  1) 

Step  3.  Volume  outside  bark  for  1.5-inch  mbd  (ob) 
If  DRC  =  15.5  and  height  =  14 

Then  V  =  8.76  ft3  (from  table  13  in  Chojnacky  1985) 

Step  4.  Volume  outside  bark  for  3-inch  mbd  (ob) 

Therefore,  (VRob)(V)  =  (0.80)(8.76)  =  7.01  ft3 
B:  Multiple-stem  juniper  (12  feet  tall  with  a  13.3-inch  DRC): 
Step  1.  Diameter  conversion 
If  DRC  =  13.3 

Then  DSH  =  12.0  (from  eq.  2) 

Step  2.  Volume  inside  bark  for  3-inch  mbd  (ib) 
If  DSH  =  12.0  and  mbd  =  3 
Then  VRib  =  0.46  (from  table  2) 

Step  3.  Volume  outside  bark  for  1.5-inch  mbd  (ob) 
If  DRC  =  13.3  and  height  =  12 
Then  V  =  3.98  ft3  (from  table  6  in  Chojnacky  1985) 

Step  4.  Volume  inside  bark  for  3-inch  mbd  (ib) 

Therefore,  (VRib)(V)  =  (0.46)(3.98)  =  1.83  ft3 
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INTERMOUNTAIN  RESEARCH  STATION 


The  Intermountain  Research  Station  provides  scientific  knowledge 
and  technology  to  improve  management,  protection,  and  use  of  the 
forests  and  rangelands  of  the  Intermountain  West.  Research  is  de- 
signed to  meet  the  needs  of  National  Forest  managers,  Federal  and 
State  agencies,  industry,  academic  institutions,  public  and  private  or- 
ganizations, and  individuals.  Results  of  research  are  made  available 
through  publications,  symposia,  workshops,  training  sessions,  and 
personal  contacts. 

The  Intermountain  Research  Station  territory  includes  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  Eighty-five  percent  of 
the  lands  in  the  Station  area,  about  231  million  acres,  are  classified  as 
forest  or  rangeland.  They  include  grasslands,  deserts,  shrublands, 
alpine  areas,  and  forests.  They  provide  fiber  for  forest  industries, 
minerals  and  fossil  fuels  for  energy  and  industrial  development,  water 
for  domestic  and  industrial  consumption,  forage  for  livestock  and 
wildlife,  and  recreation  opportunities  for  millions  of  visitors. 

Several  Station  units  conduct  research  in  additional  western 
States,  or  have  missions  that  are  national  or  international  in  scope. 

Station  laboratories  are  located  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State  University) 
Logan,  Utah  (in  cooperation  with  Utah  State  University) 
Missoula,  Montana  (in  cooperation  with  the  University  of  Montana) 
Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 
Ogden,  Utah 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 
Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 


USDA  policy  prohibits  discrimination  because  of  race,  color,  na- 
tional origin,  sex,  age,  religion,  or  handicapping  condition.  Any 
person  who  believes  he  or  she  has  been  discriminated  against  in  any 
USDA-related  activity  should  immediately  contact  the  Secretary  of 
Agriculture,  Washington,  DC  20250. 
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